Abstract: So far, no study has used ability profiles to evaluate the "science, technology, engineering, and/or mathematics (STEM) potential" (i.e. the capacity to engage in STEM professions) of Swiss students at the end of their compulsory education. In the current study, we use the proportion of high achieving students with a math-tilted ability profile as an indicator of STEM potential. Based on data from the Program for International Student Assessment, we assess Swiss students' STEM potential, nationwide and in each Swiss canton, compared to students in other countries. Our analysis shows that Swiss students, especially Swiss female students, have high STEM potential compared with their peers in other countries. Despite regional differences in the compulsory education system, STEM potential was high across all of the Swiss cantons. Based on our results, we conclude that national as opposed to regional factors are mainly responsible for the high STEM potential of Swiss students.
Introduction
A population's prosperity and well-being depend to a large extent on the willingness and ability of its members to engage in high-level science, technology, engineering, and/or mathematics (STEM) professions (see Hanushek, Peterson, & Woessmann, 2013; Hanushek & Woessmann, 2011; Solow, 1956) . Extensive research has demonstrated that high achieving students who perform particularly well in math-related areas are much more likely to succeed in STEM areas decades later than their ABOUT THE AUTHORS Esther Kaufmann, PhD, is a senior lecturer and researcher at the University of Zurich in Switzerland. She earned her PhD from the Graduate School of Economic and Social Sciences at the University of Mannheim in Germany. Her research interests include evaluation (metaanalysis and test development), judgment and decision-making, and online research.
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PUBLIC INTEREST STATEMENT
A population's prosperity and well-being depend to a large extent on the willingness and ability of its members to engage in science, technology, engineering, and/or mathematics (STEM) professions. Based on previous research and using data from the Program for International Student Assessment, we use the proportion of high achieving students with a math-tilted ability profile as an indicator of students' "STEM potential." We compare the STEM potential of Swiss students relative to their peers in other countries, overall and split by gender. We show that Swiss students-particularly Swiss female studentshave high STEM potential relative to their peers in other countries. The high STEM potential across regions within Switzerland suggests that national as opposed to more local factors are responsible for the high STEM potential of Swiss students.
peers (e.g. Halpern et al., 2007; Lubinski, Benbow, & Kell, 2014; Lubinski, Webb, Morelock, & Benbow, 2001; Wai, Lubinski, & Benbow, 2005; Webb, Lubinski, & Benbow, 2002) . Hence, the proportion of high achieving students with math-titled "ability profiles" offers a valid indicator of a population's STEM potential. Building on previous research described above, in the current study we use ability profiles (Cronbach & Gleser, 1953) to assess the STEM potential of Swiss students at the end of their compulsory education. Switzerland is an interesting example for analysis given its high mathematics achievement and the unique organization of its educational system. Specifically, we use data from the Program for International Student Assessment (PISA) to identify the proportion of high achieving students with math-tilted profiles as an indicator of STEM potential. We then compare the Swiss STEM potential with that of other countries. Given the particularly low participation of women in STEM professions (also in Switzerland, see Federal Council, Federal Council, 2010) , and evidence of gender differences in ability profiles (Hautamäki, Laaksonen, & Scheinin, 2008) , we were particularly interested in assessing the STEM potential of female students. Finally, we assessed the STEM potential in individual cantons (i.e. states) within Switzerland.
Abiltiy profiles
In the Study of Mathematically Precocious Youth, initiated by Julian C. Stanley and continued by his colleagues Camilla Benbow and David Lubinski, competence profiles were used to analyze the educational and career development of students identified as having high STEM potential (e.g. Halpern et al., 2007; Lubinski et al., 2001 Lubinski et al., , 2014 Wai et al., 2005; Webb et al., 2002) . Using verbal and mathematics scores from the Scholastic Aptitude Test, they categorized high achieving students according to how their mathematics abilities compared with their verbal abilities. Namely, students who performed better on the mathematics assessment than on the verbal assessement were defined as having a "math-tilted" ability profile, while students who performed better on the verbal assessment were defined as having a "verbal-titled profile". Students who performed equally well on both assessements were defined as having a "flat profile." All three groups demonstrated a high level of career success. However, high achieving male students with a math-tilted ability profile were much more likely to pursue STEM careers relative to their peers.
The work of Benbow, Lubinski, and their colleagues demonstrates the power of ability profiles for predicting the future pursuit of STEM careers. Given the relevance of the (potential) STEM workforce for a population's welfare, it is surprising that, to date, only few studies have used student achievement data to construct ability profiles and assess STEM potential on the population level. In fact, despite the availability of information on students' verbal and mathematics abilities in a number of countries around the world, so far just four studies have used student achievement data to construct ability profiles to describe student achievement on the population level (Hautamäki et al., 2008; Wittmann, 2005 Wittmann, , 2006 . Based on PISA data, Hautamäki and colleagues (2008) provided descriptive data about the proportion of students with different ability profiles on the country-level. Also based on PISA data, Wittmann (2006) found initial evidence that countries with a greater proportion of high achieving students with math-tilted ability profiles students had higher levels of economic success, independent of their natural resources and other economic indicators. Hence, Wittmann (2006) confirmed that STEM potential, specifically as indicated by the proportion of high achieving students with math-tilted profiles, is associated with a population's prosperity and wellbeing (see Hanushek et al., 2013; Hanushek & Woessmann, 2011; Solow, 1956) . Building on these initial studies, in the current study we used PISA data to calculate the proportion of high achieving students with math-tilted ability profiles as an indicator of the population's STEM potential. We focused on Swiss STEM potential given its high mathematics achievement (particularly among female students), which suggests that Switzerland may have high STEM potential.
Gender differences in ability profiles
Studies have consistently demonstrated gender differences with regard to student ability profiles: whereas male students are more likely to perform relatively better on math than on verbal tasks, female students are more likely to perform better on verbal than on math tasks (e.g. Hautamäki et al., 2008) . Based on PISA data, Hautamäki and colleagues (2008) found that the gender difference could be observed across all of the analyzed OECD countries (p. 42). Importantly, studies have demonstrated that the size of gender differences in mathematics performance (without considering ability profiles) varies considerably across countries (Else-Quest, Hyde, & Linn, 2010; Lindberg, Hyde, Petersen, & Linn, 2010) and are potentially related to the position of women in a country (Guiso, Monte, Sapienza, & Zingales, 2008) . For instance, boys and girls perform equally well on mathematics tests in Finland, but boys outperform girls in Germany, and even more so in Mexico (Guiso et al., 2008) . In light of the particularly low participation of women in STEM professions (Federal Council, 2010) , and evidence of gender differences in ability profiles and mathematics ability, assessing female students' STEM potential seems particularly relevant.
The Swiss context
Switzerland is a small country (currently 8.0 million inhabitants) in the middle of Europe, with four cultural/linguistic regions (German, French, Italian-and Romansch) and 26 cantons. According to the PISA 2006 study, mathematics achievement in Switzerland is among the best in the world (average score of 530), lower only than Hongkong-China, Chinese Taipei, Finland, and Republic of Korea (see Zahner Rossier & Holzer, 2007) . Previous research has revealed that, overall, Swiss students tend to perform relatively better in math than in verbal areas relative to students in other countries (OECD, 2007) .
As in many other countries, compulsory education in Switzerlands ends at age 15 when it is decided whether students will either enter a baccalaureate school as preparation for university studies, or enter a vocational education (with or without a Federal Vocational Baccalaureate). Approximately one third of students (32.6%) continue on to the highest upper secondary level (Federal Statistical Office, 2010) .
A unique feature of the Swiss educational system is that compulsory education is independently organized by each of the 26 cantons as opposed to the federal government. Thus, analysis of Swiss PISA data offers the unique opportunity to assess the extent to which variations in school systems (e.g. hours of instruction, see Holzer, 2005; Moser & Angelone, 2008, p. 33; Wolter, 2010) may be associated with different levels of STEM potential. Such an assessement is not only relevant specifically for Swiss educators, but also for informing educational policy around the world.
Current study
Despite evidence that high achieving students with math-tilted profiles are more likely to pursue STEM careers, to date only few study has used ability profiles as an indicator of STEM potential on the population level. In the current study, we used ability profiles to assess the STEM potential of Swiss students relative to their peers in other countries. We were particularly interested in assessing the STEM potential of Swiss female students relative to their male peers in Switzerland, and their male and female peers in other countries. Furthermore, we assess the extent to which STEM potential varies across cantons within Switzerland. Building on previous research (Hautamäki et al., 2008; Wittmann, 2005 Wittmann, , 2006 , our analyses were based on PISA data. Because participants are assessed at approximately the same time that they decide either to pursue further STEM studies or not (at age 15, the end of compulsary education), PISA data are particularly well suited for capturing the STEM potential of the future Swiss workforce.
Method

Data
International data were from PISA 2000 , 2003 , 2006 , 2009 , and 2015 . In 2006, Switzerland added a country-specific test (PISA-E) which included regional data from 15 of the 26 Swiss cantons (data available from the Swiss Center of Expertise in the Social Sciences [http:// forscenter.ch/en/data-and-research-information-services/2221-2/special-projects/pisa/]). We focused primarily on the 2006 data for two reasons. First, the 2006 assessement included data from the most cantons. Second, a national initative to reduce regional differences in the Swiss educational system was launched in 2007, potentially leading to a reduction of regional differences (which we wanted to identify) in the following years. The PISA-I study evaluated 15-year-old Swiss students (approximately grade 9), whereas the PISA-E evaluated students in grade 9 (approximately ages 15-16). Because the slight difference in student sample was irrelevant for our research questions, we pooled the Swiss data from the international and add-on studies. Results for Swiss cantons with two official languages, such as Bern and Valais, were reported separately. Regional data were thus available for 17 regional units within Switzerland: Aargau (AG), Basel-Land (BL), Bern (BE), St. Gallen (SG), Schaffhausen (SH), Thurgau (TG), Valais (VS-d), and Zurich (ZH) as well as the remaining German-speaking cantons (D-Remainder). For French-speaking regions, data were available for Bern (BE-f), Fribourg (Fr-f), Geneva (GE), Jura (JU-f), Neuchâtel (NE), Valais (VS-f), Vaud (VD-f). Data were also available for one Italian-speaking canton, Ticino (CHE-I). For comparison purposes, we additionally obtained regional information for Italy (13 regions), Spain (10 provinces), Belgium (Flanders and Wallonia), and the United Kingdom (Scotland, England, Wales, and Northern Ireland).
In sum, the 2006 international database included data from N = 413, 595 students in 57 countries, including n = 32,648 Swiss students. The international sample did not include 5,611 students from the United States due to missing reading data. Regional data were available for a total of 46 regional units in five countries.
Analytical strategy
We used an unrotated principal component analysis to group students based on their overall achievement level and their ability profile (see Figure 1 ). The analysis was based on ten indicators of students' mathematics and reading compentencies ("plausible values"). Five variables captured students' mathematics achievement (PV1MATH-PV5MATH), and five variables captured students' verbal achievement (PV1READ-PV5READ). Although PISA additionally assesses students' science competencies, we constructed ability profiles based only on the mathematics and verbal scores because we wanted our analyses to be as similar as possible to the analyses by Lubinski and Benbow (2006) .
The first unrotated component represented students' overall achievement level. The second component contrasted their mathematics and verbal achievement (profile scatter). Using the values from the component coefficient matrix as weights, we calculated overall achievement and profile scatter component scores for each student based on weighted sums of their scores on the ten variables. We defined high achieving students as students with "overall achievement" component scores in the highest third of the entire sample. The cut-off of one-third was chosen to reflect the structure of the Swiss educational system, in which approximately the top third of students continue on to the highest track of secondary school, and have the highest potential for pursuing STEM studies at the university level and hence STEM careers later on. We defined students with "profile scatter" component scores in the highest third as having verbal-tilted profiles, and students with profile scatter component scores in the lowest third as having math-tilted profiles. Students with profile scatter component scores around zero were defined as having balanced profiles.
The proportion of high achieving students with a math-tilted profile was used as an indicator of STEM potential. Using this indicator, we calculated the STEM potential of each country based on the PISA 2000, 2003, 2006, 2012, and 2015 data. We then calculated students' STEM potential, overall and split by gender, in each country and Swiss canton based on the PISA 2006 data.
Results
Table 1 displays the STEM potential by country for each of the top 15 ranked countries, the United States and Germany based on the PISA data from 2000, 2003, 2006, 2009, 2012, and 2015 . Table 1 indicates that Switzerland was consistently ranked in the top ten countries across all years. Notably, the United States was never ranked in the top 20 countries. Finland was in the top 15 countries only in 2003, 2006, and 2009 . Table 2 displays the STEM potential (overall and split by gender) of the Swiss cantons in international comparison according to PISA 2006. Notably, the STEM potential of nearly all of the Swiss regions (16 out of 17) was higher than the STEM potential of the top 10 countries. Within Switzerland, the highest STEM potential was observed in the French-speaking part of Fribourg, in which 41.6% of the high achieving students had a math-tilted profile. The lowest STEM potential was observed in Geneva, in which 17.6% of the high achieving students had a math-tilted profile.
As clearly visible in Table 2 , there was a gender gap with regards to the ability profiles of high achieving students in all of the cantons and countries, such that a greater proportion of high achieving male students had a math-tilted profile relative to their high achieving female peers. In Switzerland, just 8.2% of high achieving female students had a math-tilted profile, compared with 19.7% of high achieving male students. Nevertheless, relative to the other PISA 2006 countries, female STEM potential was high in Switzerland and across all of the Swiss cantons. There was a gender gap between high achieving male and female students across all countries and also across all cantons. Eight cantons were ranked in the top 10 with regards to female STEM potential, just behind Chinese Taipei (female STEM potential: 20.7%) and ahead of Macau-China (female STEM potential: 11.1%). Table 3 displays the STEM potential of the Swiss cantons compared with the other country-specific regional units for which data was available. According to the regional comparison, the Swiss cantons were ranked between 1 to 23 out of the 46 regional units. It should also be noted that Geneva, Swiss canton with the lowest STEM potential (17.6%), still had a higher proportion of high achieving students with math-tilted profiles than all of the regions of the United Kingdom (Scotland, 12%; England, Wales, Northern Ireland, 8%) and all provinces in Italy (Bolzano: 16.1%-Piemont: 7.1%). 
Discussion
Despite the importance of STEM potential for a population's welfare and prosperity, to date only a few studies have attempted to estimate STEM potential at the population level. Based on previous research and using PISA data, in the current study we used the proportion of high achieving students with a math-tilted ability profile as an indicator of students' STEM potential. Taken together, our results revealed that there is high STEM potential in Switzerland and across its cantons. Our analysis indicates that Switzerland was consistently ranked in the top 10 countries across all years for which data were available (see Table 1 ). It therefore appears that, as a whole, the Swiss educational system seems to be highly successful in supporting students' STEM potential. Notably, with the exception of Geneva, each of the Swiss cantons had a higher STEM potential than Finland (19.8%), the PISA "champion country." Previous research suggests that high achieving Finnish students tend to have balanced ability profiles (see Hautamäki et al., 2008) . Hence, although Finland ranks very highly with regards to mathematics achievement, the results of the current study suggest that the STEM potential of Finnish students (i.e. the likelihood that they will later pursue STEM careers) may not be as high as in other countries such as Switzerland. Thus, with regard to STEM potential, the results of the current study throw doubts on the "myth of the Nordic education systems" (Kobarg & Prenzel, 2010) .
When it comes to supporting students' STEM potential, we argue that Switerzland seems to be a model country.
Our findings clearly confirmed that there is a sizable gender gap in the proportion of students with math-tilted ability profiles in each country and region (Hautamäki et al., 2008; Wittmann, 2005 Wittmann, , 2006 . At first glance, our findings seem to disagree with recent results on gender differences in mathematics achievement (see Else-Quest et al., 2010; Guiso et al., 2008; Lindberg et al., 2010 ), but we note that these studies were based on analysis of overall or single scores as opposed to differences in ability profiles. Despite the gender gap, the results nevertheless suggest that the Swiss education system was more successful than most of the other countries in transmitting mathematics competencies to young women, as indicated by its relatively high female STEM potential and by the relatively small gender gap. We therefore conclude that, at least relative to other countries, the Swiss compulsory education system quite successfully promotes women's STEM potential.
In Switzerland, compulstory education (through grade 9) is the responsibility of the cantons as opposed to the federal government, and is therefore very heterogeneous. Despite regional differences in the compulsory education system, the estimated STEM potential of all of the cantons for which we had data were excellent in international comparison. In fact, the regional analysis indicated that the Swiss cantons filled the top ranks both when compared to other countries (Table 2 ) and when compared with other country-specific regional units (Table 3 ). The high STEM potential across cantons may suggest that national as opposed to regional factors are responsible for the apparent success of Switzerland's educational system with regards to developing students' STEM potential.
How well does Switzerland utilize students' STEM potential at the university level? In 2008, approximately 28% (3,200) of all university degrees were awarded in STEM fields (Federal Statistical Office [Bundesamt für Statistik], 2010). There thus seems to be considerable room to better exploit students' STEM potential. In the study from Lubinski and Benbow (2006) , even gifted women with math-tilted and flat ability profiles (i.e. women with a particularly high potential for success in STEM professions) tended to prefer careers in life and law sciences than in STEM fields (Wai et al., 2005) . Thus, we believe that high achieving female students with math-tilted ability profiles should be encouraged to pursue STEM studies, and that students with balanced ability profiles may likewise represent an "untapped resource." We also recommend promoting STEM studies by stimulating younger people's interest in STEM subjects (see also Federal Council [Bundesrat], 2010). Finally, teacher education programs should raise awareness of the importance of developing students' STEM potential, so that teachers can better diagnose and optimize students' STEM potential in the classroom (see Hoge & Coladarci, 1989; Kaufmann, 2016; Südkamp, Kaiser, & Möller, 2012) .
Limitiations and suggestions for future research
Our indicator of STEM potential was based on previous research demonstrating a close link between math-tilted ability profiles and pursuit of STEM studies and professions among high achieving students (e.g. Halpern et al., 2007; Lubinski et al., 2001 Lubinski et al., , 2014 Wai et al., 2005; Webb et al., 2002 ). Nevertheless, it should be noted that we were unable to provide additional evidence of the validity of our indicator in the current study. Future longitudinal studies should use ability profiles to identify students with STEM potential and follow their educational and professional careers over time. For instance, longitudinal studies could investigate whether perhaps Swiss women with high STEM potential have greater tendency to choose STEM degree programs in biology, agriculture, and health (BAH careers) while Swiss men have a greater tendency to choose computing, engineering, mathematics (CEM careers, see Sikora & Pokropek, 2012) . Although similar analyses have been conducted on students in the United States since the 1970s, to date, no such study has been conducted in Swizterland. Such studies would have the power to reveal where students' STEM potential might be lost (e.g. when making decisions about university studies).
Because high-level STEM professionals are most important for a population's welfare (see Hanushek et al., 2013; Hanushek & Woessmann, 2011; Solow, 1956) , in the current analysis we focused exclusively on the ability profiles of high achieving students. Future research should investigate the ability profiles of low and middle-achieving students (see Lohman, Gambrell, & Lakin, 2008) , which may be an important predictor of a population's capacity to meet the demand for employees in less complex STEM professions. Such research could provide helpful information for vocational education and training programs and would ideally be integrated within a comprehensive PISA project on vocational students (see Baethge et al., 2006) . Finally, our analyses were based on PISA data, which itself has a number of limitations. Due to sample variations, countries' STEM potential (i.e. the proportion of high achieving students with a math-tilted ability profile) is not directly comparable across years (see Table 1 ). For instance, the percentage of "high achieving" students in one country increases when more countries with overall low scores participate in the study. Re-analyses based only on the subsample of countries that participated in each PISA year (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) confirmed our conclusion that Switzerland consistently demonstrated high STEM potential across study years. More generally, the validity of comparisons based on PISA data has been criticized (Goldstein, 2004) , as have its test construction, data gathering procedure and the applied Rasch-analytical approach (for details, see e.g. Hopfenbeck et al., 2017; Jahnke & Meyerhöfer, 2008) . Given the criticism of the PISA data, future research should replicate our results using alternative data sources, such as achievement scores from the Scholastic Aptitude Test or American College Test, school grades and/or data on students' interests.
Conclusions
Taken together, our study demonstrates that Swiss students-particularly Swiss female studentshave high STEM potential at the end of their compulsory education. To date, Swiss STEM potential has often been underestimated without considering students' ability profiles (see e.g. OECD, 2007) . More generally, our study demonstrates how accessible, international achievement data can be used to construct ability profiles. Further (longitudinal) studies based on ability profiles have the potential for answering many interesting questions about how students' STEM potential can best be supported on the individual and population levels.
